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FOREWORD 

This report describes the work accomplished under contract No. NAS8- 

11599, initiated by the George C. Marshall Space Flight Center, NASA. 
The work was performed at the Westinghouse Semiconductor Division, 

Y oungwood , Pa. 

The project was under the direction of T. C. New, S. Chinowsky, and 
P. M. Kisinko. Contributors include R. A. Forrest, J. T. Krawczykiewicz 
and M. F. Amsterdam. 
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ABSTRACT 

Presented i s  t h e  des ign  and development of an i n t e g r a t e d  power ampl i f i e r ,  

a p a i r  of t r a n s i s t o r s  w i th  assoc ia ted  diodes and resistors encapsulated 

i n  an insu la ted  f l a t  package f o r  push-pull ampl i f i ca t ion  operat ion.  

device i s  intended f o r  space app l i ca t ion  i n  power supply systems. 

b i l i t y ,  s i z e  and weight, a s  we l l  as e l e c t r i c a l  performance, had t o  be 

considered. A l l  ob j ec t ives  were achieved. 

The 

Rel ia-  

The repor t  i s  divided i n t o  th ree  p r inc ipa l  sec t ions .  

1. A sumnary of t he  ob jec t ives  and r e s u l t s ,  inc luding  a survey 

of the  development and recommendations f o r  f u r t h e r  work. 

2. A d e t a i l e d  p re sen ta t ion  of the  des ign  and development of t he  

bas ic  device.  

3 .  A d i scuss ion  of the  encapsula t ion  package. 
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I. GENERAL SURVEY 

A. Objec t ives  

The work was t o  accomplish the  design, development, f a b r i c a t i o n  and d e l i v e r y  

of i n t e g r a t e d  power ampl i f i e r s  with t h e  fo l lowing  c r i t e r i a  as ob jec t ives :  

1. General Requirements: 

The phys ica l  s i z e  i s  t o  be as small as poss ib l e  t o  meet e l e c t r i c a l  and 

mechanical requirements. The ampl i f i e r  s h a l l  no t  c o n t a i n  more than two 

s l i c e s  of semiconductor material. The f i n i s h e d  a m p l i f i e r  s h a l l  be i n  one 

package. 

2. Mechanical Spec i f i ca t ions :  

a. Hermetically sea l ed  

b. Semiconductor ma te r i a l  t o  be s i l i c o n  

c. Device s h a l l  be e l e c t r i c a l l y  i s o l a t e d  from case  

3. E l e c t r i c a l  S p e c i f i c a t i o n s :  

a. 

b. 

C. 

d. 

e .  

f; 

h. 

i. 

Suggested c i r c u i t  conf igura t ion  given i n  Figure 1 

Push-pull power ampl i f i e r  

D.C. supply: 28 v o l t s  

Input  s i g n a l :  cur ren t  d r i v e  of 1 amp 
( e i t h e r  s i d e  t o  ground) 

Output f o r  i npu t  d r ive :  

drop ac ross  the  dr iven  t r a n s i s t o r  s h a l l  no t  exceed 1 v o l t  

Time delay p lus  r i s e  of ou tput  f o r  a s t e p  inpu t  and 
c u r r e n t  ga in  of 10: less than  6 microseconds 

Storage and f a l l  time without back b i a s  and c u r r e n t  ga in  
of 10: less than  10  microseconds 

Worst-case des ign  t o  in su re  meeting above s p e c i f i c a t i o n s  
over temperature range -55OC t o  15OoC 

There s h a l l  be f i v e  leads pro t ruding  from t h e  package 

(1) one f o r  each of t h e  two i n p u t s  
(2)  one f o r  t he  power supply negat ive  
(3) one f o r  each of the two c o l l e c t o r  ou tpu t s  

10 amps 

W i t h  nutpnt driven t n  s a t u r a t i n n  a t  In ampsj the 

-1- 



' I  
4 .  Environmental Spec i f i ca t ions :  

a. Temperature cyc l ing :  -55OC t o  125OC, 5 cyc les  

b. Moisture r e s i s t a n c e :  10 cyc le s  

c. Centr i fuga l :  500g 

d. Shock: 500g 

e. Vibration: 250g, lOOcps t o  2OOOcps 

5. Assumptions : 

Based on t h e  above ob jec t ives  t h e  fol lowing f a c t o r s  were proposed: 

Item 2a: "Hermetically sealed" was t o  mean t h a t  t he  encapsula t ion  
would have a leak  r a t e  no g r e a t e r  than 1 x 10-5 s t d .  
cc/min. as determined by a mass spectrograph helium l e a k  
t e s t .  

With the methods proposed, i t  was considered t h a t  r e l i a -  
b i l i t y  would be insured i f  the  component t r a n s i s t o r s  were 
capable of opera t ion  a t  a co l l ec to r - to -emi t t e r  vo l t age  of 
80 v o l t s  min. 

The s a t u r a t i o n  vo l t age  of 1 v o l t  a t  10 amps was t o  be 
obtained wi th  an input  of a t  l e a s t  1 amp. 

Item 3c: 

I t e m  3 f :  

The vol tage  requirements were l a t e r  rev ised  by MSFC t o  125V min. 

addi t ion ,  a diode was added t o  shunt out  the  E-C c i r c u i t .  The f i n a l  des ign  

i s  shown i n  Figure 2. 

I n  

The f i n a l  r e su l t s  have met or  exceeded t h e  ob jec t ives .  

B. Resul ts  

The completed in t eg ra t ed  power ampl i f i e r  has  the  c i r c u i t  exac t ly  a s  s p e c i -  

f i e d  i n  Figure 2. 

of t he  device, i n  Figure 4 .  

The package des ign  i s  shown i n  Figure 3 and a photograph 

The f i n a l  samples de l ive red  have t h e  e l e c t r i c a l  t e s t  r e s u l t s  l i s t e d  i n  

Table I. 

Since a l l  tes t  d a t a  i l l u s t r a t e  te rmina l  c h a r a c t e r i s t i c s ,  t he  ga in  a t  lower 

cu r ren t ,  wi th  shunt r e s i s t o r s  Ra and Rb appears  low, a s  should be expected. 

For the  same reason, the  VCEO and VCBO cannot be measured and a r e  t h e r e f o r e  

not included i n  the t a b l e .  

-2- 
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Although the  cu r ren t  r a t i n g  i s  given as 10A, the  device i s  capable of cur-  

r e n t  s eve ra l  t imes higher ,  a s  was confirmed by t e s t s  conducted by MSFC. 

The device was thoroughly t e s t e d  under a l l  the  environmental  condi t ions  

s p e c i f i e d  ( the  r e s u l t s  a r e  given i n  11, G). 

f ab r i ca t ed  under t h i s  l imi t ed  con t r ac t  was small, s t a t i s t i c a l l y  s i g n i f i c a n t  

d a t a  on r e l i a b i l i t y  o r  meantime between f a i l u r e  f i g u r e s  are not ava i l ab le .  

Since the  number of devices  

C. Program Development 

The b a s i c  t r a n s i s t o r s  and f a b r i c a t i o n  processes had a l ready  been developed. 

Therefore  the  i n i t i a l  s t e p  w a s  t o  determine the  shunt  r e s i s t a n c e  value i n  

o rde r  t o  meet t h e  switching time requirements. 

As development progressed, d i scuss ions  with the  con t r ac t ing  agency involv-  

i ng  a p p l i c a t i o n  needs r e s u l t e d  i n  severa l  modi f ica t ions .  Col lec tor  vo l tage  

was r a i s e d  t o  125 v o l t s .  A damping diode of 112 t o  3/4 ampere capac i ty  

was added. Most important,  a more expensive and d i f f i c u l t  t o  cons t ruc t  

beryll ium-oxide,  f l a t  package was found to  be d e s i r a b l e  ( the  encapsulat ion 

was o r i g i n a l l y  made i n  a double-ended package, using a g l a s s  compression 

seal) .  All t hese  modi f ica t ions  were incorporated i n  the  f i n a l  design. 

1 

The c o n t r a c t  schedule had t o  be ad jus ted  t o  allow f o r  t hese  modif icat ions,  

e s p e c i a l l y  t o  permit t he  development of the b e r y l l i a  s e a l ,  which became a 

major p r o j e c t .  Fortunately,  the  s e a l  suppl ie r  w a s  very cooperat ive and 

t h e  d i f f i c u l t i e s  were overcome. 

D. Summary and Recommendations 

Th i s  program has l ed  t o  the  achievement of s eve ra l  mi les tones  i n  s o l i d  

s t a t e  dev ice  engineer ing,  including:  

k 1. It pioneers  t he  concept of i n t e g r a t i n g  power semiconductor 

dev ices  wi th  c i r c u i t  components. 

2. The device  des ign  and f a b r i c a t i o n  demonstrated f o r  the f i r s t  

t i m e  t h a t  simultaneously d i f fused  technology i s  compatible wi th  

i n t e g r a t e d  c i r c u i t s ,  This  is espec ia l ly  va luable  f o r  high power 

a p p l i c a t i o n .  

-3 - 



3 .  For t h e  f i r s t  time i n  indus t ry ,  a beryll ium oxide in su la t ed  

flat-package was developed f o r  high power devices.  

Th i s  device should se rve  a s  a b a s i c  u n i t  f o r  volume production i n  view 

of t he  la rge  number of a p p l i c a t i o n s  using push-pull power t r a n s i s t o r s  

f o r  e i t h e r  switching o r  amplifying. The des ign  provides f l e x i b i l i t y  f o r  

s c a l i n g  e i t h e r  upward o r  downward depending on the  power d i s s i p a t i o n  of 

a s p e c i f i c  app l i ca t ion .  The case may s i m i l a r l y  be modified t o  f i t  

p a r t i c u l a r  needs. 

It  i s  therefore  recommended t h a t  f u r t h e r  suppor t  be considered t o  acce l -  

e r a t e  p i l o t  production c a p a b i l i t y .  I n  add i t ion ,  t he  b a s i c  concept of 

power in t eg ra t ed  c i r c u i t s  should be appl ied  i n  o the r  a r e a s  where such a 

need e x i s t s .  

-4 - 
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TABLE I 

SPLIT AMPLIFIER 
F i n a l  Electrical  T e s t  Results 

t o f f / w e c  

10A 5A - 
'CE ( s a t  'BE ( s a t  ton/wec 

1OA 5A (sus) 10A 5A 10A 5A 10A 5A 
hfe "CE 

28.6 27.7 130 1.92 -85 2.50 1.45 3.6 2 .1  
19.2 20.4 135 1.15 .GO 1.75 1.18 2.9 2.5 

Uni t  
No. 

11.0 9.6 
9.0 8.8 

28 .O 
27.5 

13- 1 
-2  

12.0 7.6 
9.5 8.4 

14- 1 
-2  

33.3 33.3 125 1.53 .50 1.70 1.15 2.2 2.3 
29.5 27.0 130 1.15 .60 1.80 1.25 2.2 2.4 

27.7 
28.0 

27.0 27.0 135 .98 .55 1.70 1.20 2.6 2.1 
25.0 27.8 140 1.03 .55 1.65 1.10 2.9 2.2 

28 .O 
27 -0 

12.5 11.0 
11.5 11.0 

16- 1 
- 2  

14.9 19.2 125 1.03 .50 1.70 1.15 2.9 2.0 
13.0 15.2 130 1.23 e60 1.95 1.13 3.9 4.5 

27 - 5  
27.5 

6.2 6.2 
7.0 5.8 

18- 1 
-2 

21.8 25.7 125 1.10 -55 1.80 1.20 2.3 2.5 
17.2 26.3 125 1.08 -50 1.75 1-10 2.0 2.3 

27 - 5  
27 - 5  

9.5 8.5 
8.2 8 0 0  

19- 1 
-2 

8*2 8 , O  
11.0 11.5 

16.4 19.6 135 1.20 a50 1.85 1.15 3.2 3 0 1  
27-8  33.3 145 1.23 057 1.95 1-25 2.2 2.3 

27.5 
27 05 

20- 1 
-2 

27 00 
27 -5 

10.5 10.5 
8.5 8.8 

21-1 
-2 

16.1 20.4 130 -95 -50 2.10 1.50 3e5 3.4 
20.0 23.3 125 1.15 .60 1.85 1.25 2.5 2.6 

20.0 25.6 130 1.25 -60 2.2 1.40 3.0 2.9 
17.6 19.6 140 1-10 055 1.9 1.25 3.0 2.9 

27.5 
28 .O 

11.5 12.5 
8.6 8e6 

22- 1 
-2 

16.1 20.0 150 1.15 -63 2.25 1-60 3.5 303 
18.2 21.2 150 .90 .48 1060 1.20 3.4 2.6 

27 - 5  
27 - 5  

9.3 9.2 
1005 10.0 

23- 1 
-2 

29.0 30.3 140 le33 -60 1.93 1.18 3 0 5  2 0 1  
26.0 25.0 150 1.08 .58 1070 1.28 3.6 2.0 

27 e5 
28.5 

12.3 10.0 
11.0 9.4 

9- 1 
-2 

12- 1 48.8 50.0 130 0.80 e43 1.43 1.05 3 0 4  1.8 
26.3 30.3 130 1.93 e90 2.40 1.54 4.1 1.7 

27 - 0  
28 .O 

18.5 17.5 
11.5 10.4 

-8 - 
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The 

was 

11. DESIGN 

In t roduc t ion  

approach considered most s u i t a b l e  f o r  des ign  of the  s u b j e c t  a m p l i f i e r  

t o  meet the  s p e c i f i c a t i o n s  f o r  gain,  vo l tage ,  and switching speed 

wi th  adequate s a f e t y  f a c t o r s ,  y e t  not t o  exceed these  s p e c i f i c a t i o n s  by 

excess ive  margins. 

t h i s  approach. 

l i m i t a t i o n  on r e l i a b i l i t y  of power t r a n s i s t o r s ,  and it i s  a l s o  genera l ly  

recognized t h a t  secondary breakdown and/or thermal runaway can be minimized 

by u t i l i z i n g  a device wi th  the  lowest possible ,  bu t  adequate,frequency 

c h a r a c t e r i s t i c s .  That i s ,  an audio frequency device is more r e l i a b l e  i n  

an audio c i r c u i t  than  a vhf t r a n s i s t o r  i n  the same app l i ca t ion .  Thus, 

des ign  f o r  t h e  requi red  speed w i t h i n  f a i r l y  c lose  l i m i t s  i s  more d e s i r a b l e  

than  overdesign f o r  excessive speed. It can a l s o  be s a i d ,  i n  genera l ,  

t h a t  a device which i s  designed s a f e l y ,  bu t  not  overdesigned, must be more 

nea r ly  p e r f e c t  i n  order  t o  be i n  s p e c i f i c a t i o n  than one g r e a t l y  overdesigned. 

For in s t ance ,  a t r a n s i s t o r  designed f o r  250 v o l t s  may conta in  severe  junc t ion  

o r  su r face  d e f e c t s  which could cause i n s t a b i l i t y  and f a i l u r e ,  y e t  such a 

device  could s t i l l  pass a s p e c i f i c a t i o n  f o r  125 v o l t s .  B u t  f o r  a t r a n s i s t o r  

designed f o r  150 v o l t s  t o  pass  t e s t s  a t 1 2 5  v o l t s ,  imperfec t ions  m u s t  be 

i n s i g n i f i c a n t .  S imi la r  arguments can be advanced f o r  o the r  device  charac-  

t e r i s t i c s .  

R e l i a b i l i t y  i s  t h e  p r inc ipa l  ob jec t ive  d i c t a t i n g  

I t  i s  we l l  known t h a t  secondary breakdown i s  t h e  major 

I n  t h e  

runaway, t h e  s i n g l e  o r  simultaneously d i f fused  t r a n s i s t o r  SDT s t r u c t u r e  

was s e l e c t e d .  I n  t h i s  design, t he  t r a n s i s t o r  base region i s  e s s e n t i a l l y  

the  v i r g i n  s i l i c o n  c r y s t a l .  

i n t e r e s t  of minimizing the  secondary breakdown and/or thermal 

The pe r fec t ion  of t he  grown ingo t  i s  genera l ly  

considered supe r io r  t o  e i t h e r  d i f fused  or  e p i t a x i a l  ma te r i a l .  This i s  

e s p e c i a l l y  t r u e  f o r  l a r g e  areaS,where loca l  d e f e c t s  lead ing  t o  hot  spo t  

f a i l u r e  are t o  be avoided. The SDT s t r u c t u r e  i s  a l s o  amenable t o  punch 

through v o l t a g e  l imi t ed  c o l l e c t o r  design, known t o  o f f e r  supe r io r  secondary 

b r  e akd own pro  t e c t i  on. 

-9 - 



B. Voltage Design 

The vol tage  design was based on the Same SDT s t r u c t u r e  used i n  Westinghouse 

t r a n s i s t o r s  WX130 and WX156. These were designed t o  have the  minimum base 

width t o  achieve the requi red  frequency and punchthrough between 150 and 

200 v o l t s ,  

doping p ro f i l e .  The i n t e r a c t i o n  of doping impur i t i e s  pene t r a t ing  from 

both s ides  requi red  a c o r r e c t i o n  i n  eva lua t ing  the  equat ions.  These cor -  

r e c t i o n s  were obtained wi th  the  a id  of a computer. The f i n a l  r e s u l t s  are 

summarized i n  Figure 5. 

Calcu la t ions  were made using Poison 's  equat ion  wi th  a d i f fused  

C. Current Gain and Sa tu ra t ion  Voltage 

I n  accordance wi th  the  "safe" des ign  p r i n c i p l e ,  t h e  component t r a n s i s t o r s  

were designed f o r  hFE a t  10 amperes t o  be equal  t o  20 a t  25OC, and not  t o  

exceed 15 a t  150OC. Current ga in  g r e a t l y  i n  excess  of t h e  requi red  va lue  

would r a i s e  seve ra l  problems, of which i n s t a b i l i t y  due t o  s e n s i t i v i t y  t o  

spurious s igna l s  and high c o l l e c t o r - e m i t t e r  leakage c u r r e n t  ( s ince  ICEO = 

hFE ICBO) a r e  outs tanding.  With base width and r e s i s t i v i t y  determined by 

vol tage  and speed requirements,  des ign  f o r  ga in  i s  concerned only wi th  t h e  

emi t t e r  e f f i c i ency .  I n  p r a c t i c e ,  the l i m i t i n g  f a c t o r  a t  high-level  ope ra t ion  

i s  t h e  emi t t e r  edge length,  which can be ca l cu la t ed  wi th  good accuracy. I n  

addi t ion  t o  t h i s  ca l cu la t ion ,  t he  necessary e m i t t e r  geometry was deduced 

from experimental  results accumulated from Westinghouse's WX130 and WX156 

d i f fused  t r a n s i s t o r s .  The e m i t t e r  geometry i s  b a s i c a l l y  the  i n t e r d i g i t a t e d  

type. Sa tura t ion  vol tage ,  when measured under s tandard  condi t ions  of 

overdrive of the input ,  i s  n a t u r a l l y  l o w  f o r  devices  wi th  a symmetrical 

doping p r o f i l e .  

D. Balance 

Because of the  common-emitter conf igu ra t ion  and the  l a r g e  c o l l e c t o r  c u r r e n t  

output ,  i t  was considered most f e a s i b l e  t o  f a b r i c a t e  the  a m p l i f i e r  by 

encapsulat ing two d i s c r e t e  component t r a n s i s t o r s  i n  the  same package, 

r a t h e r  than at tempt  t o  combine both t r a n s i s t o r s  on a s i n g l e  s l i c e  of 

s i l i c o n .  Matching of t h e  c h a r a c t e r i s t i c s  of the  two t r a n s i s t o r s  was accom- 

pl ished before  f i n a l  mounting i n t o  t h e  encapsu la t ion  base. 

-10- 



E. Device Design 

The p r i n c i p l e s  d iscussed  i n  the  preceding paragraphs a r e  incorporated here  

i n t o  the  phys ica l  device.  

t r a n s i s t o r  a r e  w e l l  developed, they requi re  no explana t ion  here .  Thus, 

emphasis i s  placed on the  topologica l  modif icat ions t h a t  were needed t o  

meet s p e c i f i c  s t r u c t u r a l  requirements.  

Since t h e  f a b r i c a t i o n  methods of t he  simple 

The complete device i s  b u i l t  on a piece of s i l i c o n  .250" x .450". 
power t r a n s i s t o r  i s  i n t e r d i g i t a t e d  and occupies 80% of the  area.  

remaining 20% of the  area i s  devoted t o  the r e s i s t o r  and diode. 

shows t h e  f i n a l  design.  

The 

The 

Figure 6 

The base e l e c t r o d e  completely c i r c l e s  the emi t t e r ,  r e s i s t o r  and diode 

reg ions  so as t o  avoid su r face  channel formation. The base f i n g e r s  a r e  

s l i g h t l y  tapered  t o  reduce the  i n j e c t i o n  near  the r o o t  of the  e m i t t e r  f i n g e r s .  

This  minimizes the  tendency t o  generate  hot spo t s .  

The diode i s  beneath t h e  metal ized square area a t  the  r e s i s t o r  end. An 

a d d i t i o n a l  f e a t u r e  i s  t h a t  t h e  diode provides a generous pad f o r  lead  

attachment.  The base end of t he  r e s i s t o r  i s  s i m i l a r l y  employed a s  a lead  

pad, whi le  trimming the  shunt r e s i s t o r  t o  t h e  des i r ed  value.  

This  b a s i c  design,  although apparent ly  simple, i s  a c t u a l l y  q u i t e  s o p h i s t i -  

ca ted ,  pe rmi t t i ng  some l a t i t u d e  f o r  modif icat ions t o  meet s p e c i f i c  c i r c u i t  

needs. For  example, t h e  i n t e r d i g i t a l s  can be amputated o r  extended f o r  

v a r i a t i o n  i n  c u r r e n t  capaci ty .  

changed t o  s a t i s f y  s p e c i f i c  c i r c u i t  appl ica t ions .  

capac i ty  can  s i m i l a r l y  be made. 

The r e s i s t a n c e  width and l eng th  can be 

Adjustments i n  diode 

F. Design Development 

I n  t h i s  s e c t i o n  a number of problem areas  involved i n  des ign  development 

are d iscussed .  

process.  

This  i s  followed by a desc r ip t ion  of the  a c t u a l  f ab r i ca tkon  

-11- 
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1. Shunt Resistance : 

I n  the  i n i t i a l  design the  shunt r e s i s t o r ,  Rsh, and the  t r a n s i s t o r  a r e  

both mounted on the same s i l i c o n  ch ip  but  are e x t e r n a l l y  connected. A 

number of pads were provided t o  allow f o r  r e s i s t a n c e  adjustment.  (The 

emit ter-base r e s i s t o r  was f a b r i c a t e d  wi th  b u i l t - i n  t a p s  a l lowing o p t i -  

mizat ion of the r e s i s t o r  va lue  depending on the  t r a n s i s t o r  gain.) 

t i o n  of the r e s i s t o r  from t h e  t r a n s i s t o r  i s  aided by oxide-masking. 

Connection of the  r e s i s t o r  t o  the  t r a n s i s t o r  emi t t e r  and base con tac t s  

was done with jumper wires on t h e  prototype u n i t s ,  bu t  l a t e r  it was accom- 

p l i shed  wi th in  t h e  junc t ion  o r  me ta l i z ing  pa t t e rn .  

geometry of t h i s  i n i t i a l  u n i t  i s  shown i n  Figure 7.  

b a s i c  device soldered t o  the gold-plated molybdenum platform wi th  i n t e r n a l  

gold-plated s i lver  l eads  at tached.  

I s o l a -  

The bas i c  device  

Figure 8 shows t h e  

Table I1 shows va r ious  e l e c t r i c a l  parameters of s eve ra l  s imultaneously 

d i f f u s e d  t r a n s i s t o r s .  The t r a n s i s t o r s  were t e s t e d  f o r  switching times 

using the  c i r c u i t  shown i n  Figure 9 with va r ious  emi t te r -base  shunt 

r e s i s t o r s .  Figures  10 and 11 show turn-on and turn-of f  times, r e spec t ive ly ,  

as a func t ion  of the  emit ter-base r e s i s t o r  va lues .  From the  graphs,  it can 

be seen  tha t  the requi red  speed can be achieved wi th  a va lue  of R shunt  

about 5 ohms, provided hFE i s  w i t h i n  the  approximate range of 10 t o  25. 

I n  t h e  f i n a l  design the  r e s i s t o r  was i n t e g r a t e d  i n t o  the  t r a n s i s t o r  u n i t  

i t se l f .  It w a s  apparent t h a t  the  choice of r e s i s t o r  t a p s  had a l ready  been 

f i x e d  when t h e  u n i t s  were ready t o  be t e s t e d .  

r e a l i z a t i o n  t h a t  t he  r e s i s t o r  va lue  could be v a r i e d  (upward) by etching,  a 
new mask s e t  was designed (Figure 12 - note  t ape r ing  of base f i n g e r s  f o r  

minimizing h o t  spo t  formation) which provided one minimal r e s i s t o r  va lue ,  

and a l s o  provided i n t e g r a l  connections t o  base and ea i l t t e r .  P r i o r  t o  t h i s  

Because of t h i s ,  and t h e  

. 

t h r e e  s i l v e r  l eads  had been so ldered  t o  t h e  mounted c h i p  -- one t o  t h e  

base contact,  one t o  t h e  emi t t e r ,  and one connect ing two r e s i r t o r  con tac t  

pads and the base. 

was soldered t o  the  emitter lead  and the segment of t h e  wire between 

r e s i s t o r  contacts  was c u t  (See F igure  13). 

Af te r  t h i s  opera t ion ,  t he  f r e e  end of t h e  l as t  wi re  

-12- 



2. Diode: 

Design was made t o  have a diode on the  same chip  with the  r e s i s t o r  and 

t r a n s i s t o r .  

i n t eg ra t ed  emit ter-base r e s i s t o r  was i s o l a t e d  from the  base by a P-N 

junc t ion .  With the  diode present  the  contac t  me ta l i za t ion  connects t he  

e m i t t e r  and base l a y e r s  a t  t he  diode and a shunt ing  emit ter-base r e s i s -  

t i v e  pa th  through the  base l a y e r  between the diode and base me ta l i za t ion  

appears.  

atmosphere" dur ing  d i f f u s i o n ,  which was superf luous i n  the  absence of 

t h e  diode, was now necessary t o  avoid very low emit ter-base r e s i s t a n c e  

va lues  before  e tching.  

P r i o r  t o  t h e  inco rpora t ion  of a diode on the chip,  t he  

Therefore,  the  oxide masking of t he  r e s i s t o r  from the  "boron 

3. Switching: 

Table IIX shows the  r e s u l t s  of switching t e s t s  on an ampl i f i e r .  

ch ip  was soldered t o  a molybdenum subs t r a t e  bu t  had no o the r  provis ion  

f o r  h e a t  d i s s i p a t i o n .  

values ,  a low duty cyc le  was employed t o  keep the  necessary hea t  d i s s i -  

pa t ion  ra te  down. A t  5 amperes a t o t a l  "turn-on" t i m e  of 2psec. was observed 

whi le  t h e  t o t a l  " turn-off"  time w a s  8psec. 

w i th  t h e  base d r ive ,  as expected. 

1 ampere, as spec i f i ed ,  the  t o t a l  

cons iderably  below t h e  20psec, s p e c i f i e d  a t  the  r a t e d  10 ampere c o l l e c t o r  

cu r ren t .  

The 

I n  order  t o  ob ta in  d a t a  a t  reasonable  cu r ren t  

The s to rage  time, ts, inc reases  

However, wi th  a maximum base d r i v e  of 

turn-off t i m e ,  teff, i s  8psec. which i s  

4 .  Pzbriczticn Prcceee: 

Below are descr ibed  the  s t e p s  taken i n  f a b r i c a t i n g  the  t r a n s i s t o r -  

r e s i s t o r  ch ips .  

i s  con t inua l ly  made t o  t h e  process flow char t  (Figure 14). 

These s t e p s  can perhaps be b e t t e r  understood i f  re fe rence  

P-type s i l i c o n  s l i c e s  of c l o s e l y  matched r e s i s t i v i t y  a r e  f i r s t  predeposi ted 
wi th  phosphorous (N-type) t o  a sur face  concent ra t ion  g r e a t e r  than 10 21 

us ing  a n  open-tube, s o l i d  source process.  The s l i c e s  are then masked wi th  

Kodak Metal-Etch Resist ( m R )  and etched wi th  a 15:5:3 e t c h  t o  form the  

emitter and r e s i s t o r  geometries.  Af te r  cleaning, t he  s l i c e s  are oxidized 
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i n  a s team atmosphere. The r e s i s t o r s  of the  devices  a r e  then masked 

aga ins t  t h e  oxide e t ch  and the  s i l i c o n  dioxide removed from the  t r a n s i s -  

t o r  area.  Af te r  c leaning  again,  the  s l i c e s  a r e  d i f fused  i n  a boron 

atmosphere t o  d r i v e  t h e  emi t t e r  and c o l l e c t o r ,  as w e l l  as the  r e s i s t o r ,  

t o  t h e  necessary depth.  The boron concent ra t ion  i s  such t h a t  i t  does 

not convert the phosphorous d i f fused  a rea  nor the  oxide masked r e s i s t o r ,  

but  forms a l o w - r e s i s t i v i t y  base contac t  region. Af te r  l i g h t l y  sandblas t -  

i ng  both s i d e s  of t he  s l i c e ,  pho to res i s t  i s  again appl ied t o  de f ine  the  

contac t  regions.  The s l i c e s  a r e  then  subjected t o  an e l e c t r o l e s s  n icke l  

p l a t i n g  operat ion.  The masking ma te r i a l  i s  removed, the  n icke l  s i n t e r e d  

t o  improve t h e  adhesion t o  the  s i l i c o n ,  t he  device remasked, and the same 

a rea  i s  n icke l  p la ted  f o r  a second time. The second KMER mask i s  removed 

and the  s l i c e s  a r e  diced i n t o  ind iv idua l  u n i t s .  Af te r  a thorough c leaning  

operat ion,  the  device i s  dipped i n t o  a molten bath of so lde r  f o r  a few 

seconds. The so lde r  adheres only t o  the  n icke l  p la ted  a reas .  

Following the  above steps,  t he  device i s  mounted t o  a gold p l a t ed  molyb- 

denum platform and s i l v e r  leads  a r e  a t tached  s imultaneously.  The gold 

p l a t i n g  p ro tec t s  the molybdenum from being a t tacked  dur ing  the subsequent 

e tch ing  operat ion.  

The device wi th  a t tached  l eads  i s  then etched,  r i n sed ,  vacuum baked a t  a 

high temperature and e l e c t r i c a l l y  t e s t e d .  A t  t h i s  s t e p ,  t he  device can 

be re-etched u n t i l  the  optimum e l e c t r i c a l  c h a r a c t e r i s t i c s  a r e  a t t a i n e d .  

Once the  device has been found t o  be e l e c t r i c a l l y  acceptab le ,  i t  i s  coated 

t o  pass iva te  the exposed s i l i c o n  sur face .  

The encapsulat ion i s  descr ibed i n  Sec t ion  111. 

G. E l e c t r i c a l  Evaluation 

Figure 15 i s  a schematic of t he  t e s t  c i r c u i t r y  used t o  measure hFE, 

VCE(sat) J VBE(sat), td+trr and ts+tf 

vC~O(sus)  and VECo were measured on a Tekt ronix  Type 575 curve t r a c e r .  

The r e s u l t s  were given i n  Tdble I. 
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FIGURE 6 

I n t e g r a t e d  T r a n s i s t o r ,  
R e s i s t o r  and Diode 
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FIGURT: 8 

k i s i c  Ikhvi c e  Mounted on  a 
ilolybdenurn P l a t f o r m  ( u n c o a t e d )  
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TABLE 111 

Switching Test Results 

B C D E F G t1 - - - - - - -  A - 
InDut Pulse 

cps rep. r a t e  8 8 8 8 8 8 8 8 

Psec. pulse width 20 20 20 20 20 20 20 20 

Trans i s to r  Test Conditions 
6.0V 13 13 10 9.0 9.0 9.0 8.5 cc V 

RL 
C 

I 

'B- on 

'B- of f 
R 

on 
R 

o f f  

'BB- on 

'BB-off 

R~~ 

SwitchinP Times 
Tdelay 

t r i se  

4.70hm 4.7 4.7 2.7 1.4 1 0 4  1.4 1.4 

1.OA 2.0 2.0 3.0 5.0 5.0 5.0 5.0 

280ma 270 200 270 260 600 1 . O A  1.0.A 

2 5ma 25 10 15 15 40 80 20 

1500hm 150 150 150 150 68 22 22 

680hm 68 68 68 68 68 68 -- 
50V 50 50 50 50 50 25 25 

3.7v 307 3.7 3.7 3.7 3.7 3.7 -- 
17ohm 1 7  17 1 7  1 7  1 7  17 17  

0.4ysec. 0.4 0.5 0.5 0.5 0.5 0.4 0.4 

O.9ysec. 0.85 3.5 3.1 5.9 2,O 1.5 1.6 

To ta l  T~~ 1.3psec. 1.25 4.0 3 0 6  6,4 2.5 2,O 2.0 
7 

'storage 

T f a l l  

1.9psec. Le5 0,9 1.2 0,8 1.8 2,8 3,4 

1,3ysec. 1.8 1.8 2.3 3.1 3.0 302 4 . 6  

Tota l  -- 3 . 2 ~ s e c ~  3.3 2.7 3.5 3.9 4.8 6.0 8.0 'off  
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RESISTOR 8 EMITTER MASK 

FIGURE 1 2 ( A )  

METALL I Z I NG MASK 

FIGURE 12(B) 
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FIGURE 14: PROCESS FLOW CHART - SPLIT AMPLIFIER 

L * 
N+ d e p o s i t  P h o t o r e s i s t  

P r e - d i f f .  (MI42 2HP04 P o s t - d i f f .  emitter and O x i d a t i o n  
c l e a n  - 1200 c - - c l e a n  - r e s i s t o r  - 1200°C - 

30 min. 2 h r s .  

* , 

Drive - i n  
P o s t - d i f f .  - 1300°C - 
c l e a n  1 6  h r s .  

P+ d e p o s i t  - BBr3 1000°C - - 1 2  min. 

P h o t o r e s i s t  P r e - d i f f .  
b a s e  - c l e a n  

wb .6 m i l s  
I . i. . 

S a n d b l a s t  
bo th  s i d e s  - 

~ 

P h o t o r e s i s t  N i c k e l  S t r i p  S i n t e r  
c o n t a c t  - p l a t e  
a r e a s  e l e c t r o l e s s  3 min. 

P h o t o r e s i s t  - 750°C - 

L 

L 9 

P o s t  c o n t a c t  
c l e a n  - 

. 
Second 
n i c k e l  p l a t e  - D i c i n g  S t r i p  P h o t o r e s i s t  

c o n t a c t  
a r e a s  - e l e c t r o l e s s  - p h o t o r e s i s t  

I 

S o l d e r  d i p  

95 Sn 5 pb 

J 

F i n a l  t e s t  
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111. ENCAPSULATION DESIGN 

A. Spec i f ica t ions  

The encapsulat ion package had t o  be designed t o  meet c e r t a i n  s p e c i f i c a -  

t i o n s ,  mechanical and environmental. 

1. Mechanical : 

a. Hermetically sea led  

b. Device i s o l a t e d  from case 

2. Environmental: 

a. Temperature cyc le :  -55OC t o  125OC, 5 cycles  

b. Moisture r e s i s t ance :  10 cyc les  

c. Cent r i fuga l :  500g --- 10, ooog 

d. Shock: 500g 

e. Vibrat ion:  20g, lOOcps t o  2OOOcps 

B. I n i t i a l .  Design 

The i n i t i a l  des ign  concept was one of complete mechanical assembly. 

The encapsulated u n i t  was designed t o  d i s s i p a t e  h e a t  by conduction through 

an i n t e g r a l  copper s tud  t o  a metal  hea t  s ink .  I n  app l i ca t ion ,  mounted 

u n i t s  were not  t o  be subjec ted  t o  any d i r e c t  con tac t  wi th  l i q u i d  o r  vapor 

cool ing mediums. Following i s  a d e t a i l e d  explana t ion  of each component 

of the  encapsulat ion.  

1. Basic Device: 

The i n i t i a l  bas i c  device (Figure 16) was a d i f f u s e d  s i l i c o n  wafer w i th  an 

o v e r a l l  dimension of .450 x .250 inches.  

a means of contac t ing  the wafer t o  another  member was a problem. With 

the  a id  of photochemistry, s e l e c t i v e  areas (emitter and base)  on one s i d e  

of the  wafer and the  e n t i r e  oppos i te  ( c o l l e c t o r )  s i d e  were e l e c t r o l e s s  

n icke l  plated.  The n icke l  depos i t i on  was s i n t e r e d  i n t o  t h e  s i l i c o n  wafer  

i n  order  t o  improve the  chemical bonding between the  n i c k e l  and s i l i c o n .  

Since t h e  device  w a s  d i f fused ,  
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A second n icke l  p l a t i n g  opera t ion  followed; t h i s  was not s i n t e r e d .  Then 

each wafer w a s  i nd iv idua l ly  so lde r  dipped; t he  so lde r  adhering only t o  

the  n icke l  p l a t ed  a reas .  This  addi t iona l  l a y e r  of metal served t o  conduct 

l a r g e r  cu r ren t s  and aided t h e  contac t ing  of the  i n t e r n a l  emi t t e r  and base 

leads.  Wafer bonding on the  l a rge  co l l ec to r  a r e a  was a l s o  improved. 

2. Molybdenum Semicircular  Platforms: 

The molybdenum platform designed and used t o  con tac t  t o  the  c o l l e c t o r  

s i d e  of each device i s  shown i n  Figure 17. 

and s i n t e r  t he  molybdenum platform i n  order  t o  p ro tec t  it from any sub- 

sequent e tch ing  opera t ions .  The wafer i s  c e n t r a l l y  loca ted  and soldered 

t o  the gold p l a t ed  molybdenum platform. 

i n t e r n a l  s i l v e r  lead  wires ,  . O i 2  inch i n  diameter,  a r e  soldered t o  the  

emitter and base te rmina ls ,  respec t ive ly .  A l l  soldered connections a r e  

joined i n  a ho r i zon ta l  be l t - type  furnace using a hydrogen atmosphere. 

Af te r  so lder ing ,  t he  device  i s  d i p  etched f o r  s eve ra l  seconds i n  a (1:l:l) 

ac id  s o l u t i o n ,  r i n sed  i n  deionized water, vacuum baked and coated as shown 

i n  F igure  18. 

It was necessary t o  gold p l a t e  

During t h e  same operat ion,  two 

3.  F l a t  Base Design: 

F igure  19 shows the  b a s i c  design of the t e l l u r i u m  copper base which housed 

two of t h e  processed wafers.  

threaded. 

t h e  same opera t ion  a threaded s t a i n l e s s  s t e e l  s e c t i o n  was brazed i n t o  each 

hole.  

copper from oxid iz ing  and c rea t ing  high thermal impedance paths.  

S ix  holes  were d r i l l e d  i n t o  the  base and 

A s t e e l  weld r i n g  (Figure 20) was brazed t o  the  copper and dur ing  

The brazed base assembly was s i l v e r  p l a t ed  i n  order  t o  protect the  

4. B e r y l l i a  Discs:  

A s ix-holed  b e r y l l i a  d i s c  w a s  manufactured as shown i n  Figure 21. 

ho le s  were d r i l l e d  t o  c l e a r  the s i x  s t a i n l e s s  s t e e l  rods brazed i n t o  the  

base assembly. 

from the  base. 

i t s  high thermal conduct iv i ty .  Bery l l ia ,  99.5% pure, possesses a r e s i s -  

t i v i t y  of 1 x 1 O I 6  ohm-cm and a thermal conduct iv i ty  of .63 cal/cm/cm2/'C 

a t  room temperature.  

The 

The purpose of t h i s  ceramic d i s c  was t o  i s o l a t e  t he  wafers  

Bery l l i a  was chosen over many o the r  ceramics because of 

The thermal conduct ivi ty  of b e r y l l i a  a t  room temperature 
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i s  about 60% t h a t  of pure copper. 

good thermal conduct iv i ty  and e x c e l l e n t  thermal shock r e s i s t a n c e ,  b e r y l l i a  

proved t o  be the  bes t  choice of the  many ava i l ab le  commercial ceramics. 

Due t o  i t s  high d i e l e c t r i c  s t r eng th ,  

5. Glass-Metal Seal : 

Figure 22 shows a g l a s s  t o  metal s e a l  which was used f o r  encapsulat ion.  

S ix  tubular  leads  were i s o l a t e d  from one another  wi th  t h e  u s e  of colored 

g l a s s .  To h e l p  i d e n t i f y  base, emi t t e r  and c o l l e c t o r  leads ,  t h r e e  d i f f e r -  

e n t  colored g l a s ses  were used. The s i x  s i l v e r  i n t e r n a l  l eads  are fed  

through t h e i r  r e spec t ive  tubu la r  leads  and the f l ange  of t he  seal i s  

joined (by a r e s i s t a n c e  welding technique) t o  the  weld r i n g  brazed t o  

the copper base. Figures  23 and 24 give  a genera l  o u t l i n e  of the  encap- 

su l a t ed  u n i t .  The tubular  leads  a r e  then  pinch welded and p ie rced  f o r  

f i n a l  encapsulation. P ro tec t ion  aga ins t  any cor ros ive  atmosphere i s  

a t t a i n e d  by n icke l  p l a t i n g  the encapsulated u n i t  and/or epoxy coa t ing  

(see s e a l  no tes ,  Table IV). 

6. Ver t ica l  Base Modif icat ion:  

A modif icat ion i n  the  base design became necessary when problems i n  

braz ing  occurred. These arose when the  threaded s e c t i o n s  were brazed 

i n t o  the tapped holes  of the  f l a t  base design.  I f  i n s u f f i c i e n t  braze 

ma te r i a l  was used, the stri.r:gth of t he  brazed j o i n t  was poor o r  incon- 

s i s t e n t .  On the o ther  hand, i f  too much braze was used i t  would f i l l  i n  

t he  upper po r t ion  of the  threaded s e c t i o n  by c a p i l l a r y  a c t i o n  and the  

nuts  would not  screw on. Therefore a v e r t i c a l  base as shown i n  Figure 25 

was designed. 

copper base. The b e r y l l i a  d i s c s  had t o  be c u t  i n  ha l f  i n  order  t o  be 

used; and the  number of screws and nuts  were halved. The balance of t h e  

components, such as the  molybdenum platform, t h e  b a s i c  device,  and t h e  

g l a s s  t o  metal s e a l  remained unchanged. 

For t h i s  design,  only the  weld r i n g  was brazed t o  the  

7.  Assembly: 

The p r inc ip l e  of assembly w a s  e s s e n t i a l l y  t h e  same f o r  both the f l a t  and 

v e r t i c a l  base designs.  

platform, etched, coated and e l e c t r i c a l l y  t e s t e d ,  two compatible devices  

After  t he  devices  were so ldered  t o  the  molybdenum 
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were s e l e c t e d  f o r  assembly. The devices requi red  i s o l a t i o n  from each 

o ther  and from t h e  base i t s e l f .  To accomplish t h i s  end, a b e r y l l i a  

member was i n s e r t e d  between the  copper base and the  molybdenum platform. 

It was an t i c ipa t ed  t h a t  contac t  r e s i s t ance  a t  each i n t e r f a c e  would c r e a t e  

s i g n i f i c a n t  thermal r e s i s t a n c e  w i t h i n  the  encapsulated u n i t .  To reduce 

t h i s  con tac t  r e s i s t ance ,  a d u c t i l e  mater ia l  wi th  good thermal conduct ivi ty  

c h a r a c t e r i s t i c s  was needed. Indium f o i l  would have been the most s u i t a b l e  

ma te r i a l  except f o r  one f a u l t ,  i t s  low melt ing temperature.  Indium melts 

a t  155OC and i t  was f e l t  t h a t  t h i s  was too  c lose  t o  the spec i f i ed  maximum 

cycl ing  temperature of 125OC. Therefore,  s i l v e r  f o i l  was s e l e c t e d  t o  be 

i n s e r t e d  a t  the copper -bery l l ia  and beryllia-molybdenum i n t e r f a c e s .  S m a l l  

c y l i n d r i c a l  shaped p ieces  of shr inkable  t e f l o n  were placed around each 

threaded rod t o  i n s u l a t e  t he  s t a i n l e s s  s t e e l  rod from t h e  molybdenum 

platforms.  F ina l ly ,  t h e  devices  were i n  a pos i t i on  t o  be mechanically 

t igh tened  i n  p lace  wi th  a s t a i n l e s s  s t e e l  nut, B e l l e v i l l e  washer, t h r u s t  

washer and t e f l o n  washer. The Be l l ev i l l e  washer was used t o  compensate 

f o r  expansion and con t r ac t ion  of matching components dur ing  temperature 

cyc l ing ;  and the  purpose of t he  t e f l o n  washer w a s  aga in  f o r  e l e c t r i c a l  

i n s u l a t i o n .  P r i o r  t o  f i n a l  encapsulat ion the base assembly wi th  the two 

mounted devices  w a s  vacuum baked along wi th  a f l e x i b l e  f i b e r g l a s s  molecu- 

l a r  s i e v e  and the  g l a s s  t o  metal sea l .  When the  components a r e  removed 

from t h e  oven the  s e a l  i s  r e s i s t ance  welded t o  the  base. Without removing 

the  u n i t  from the  evacuated dry box, f i v e  of t he  s i x  tubular  l eads  a r e  

pinch welded. The u n i t  i s  backf i l led  wi th  helium througn the  l a s t  tubii- 

l a r  l ead  and f i n a l l y  pinch welded. 

t h e  end of each lead  and t e s t s  f o r  hermet ic i ty  a r e  run. I f  the u n i t  shows 

a l e a k  r a t e  less than lom5 cubic centimeters per second, i t  i s  removed 

and n i c k e l  p l a t ed .  

t h e  ba re  and welded a reas  f o r  pro tec t ion  aga ins t  most environmental con- 

d i t i o n s .  The t r a n s i t i o n  from the  i n i t i a l  f l a t  base package t o  the v e r t i c a l  

base package,with the  major components, i s  shown i n  F igures  26 and 27. 

S m a l l  diameter ho le s  are punched i n t o  

Nickel p l a t i n g  provides a f i n a l  metal  coa t ing  over a l l  
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C. Be0 Metal Base Flat-Package Design 

1. Metal izat ion:  

There i s  no universa l  me ta l i za t ion  technique which i s  app l i cab le  t o  a l l  

ceramics. Techniques used t o  meta l ize  commonly used ceramics such as 

alumina, Al203, have been successfu l  f o r  many yea r s  w i th  a molybdenum- 

manganese (4 : l )  compound. 

wi th  a hundred percent  success on b e r y l l i a ,  BeO. 

t o  be modified i n  the  app l i ca t ion  of the s l u r r y  t o  

s i n t e r i n g  temperature w a s  reduced by 5OoC i n  order  t o  in su re  proper  bonding 

t o  the  ceramic. 

screening a Mo-Mn s l u r r y  onto an a rea  of the  b e r y l l i a  and s i n t e r i n g  a t  

high temperatures i n  a reducing atmosphere. Af te r  s i n t e r i n g  t h e  Mo-Mn 

compound t o  the  ceramic, the metalized a r e a  was copper p l a t ed  f o r  subse- 

quent brazing opera t ions .  Be ry l l i a  was chosen over o the r  ceramics because 

of i t s  exce l l en t  thermal and d i e l e c t r i c  c h a r a c t e r i s t i c s .  The thermal con- 

d u c t i v i t y  of b e r y l l i a  ( X 9 X  pure) i s  comparable t o  aluminum ( 9 9 . 8 %  pure) 

from room temperature t o  100°C. 

b e r y l l i a  i s  about 65% as e f f i c i e n t  as aluminum. A t  a l l  t h r e e  temperatures  

the  thermal conduct iv i ty  of b e r y l l i a  i s  a t  l e a s t  e i g h t  t imes g r e a t e r  than  

alumina (99.5% pure) .  

These s tandard procedures could not  be u t i l i z e d  

The r a t i o  of Mo-Mn had 

t h e  b e r y l l i a  and the  

The meta l iz ing  process e n t a i l e d  e i t h e r  spraying o r  s i l k  

A t  h igher  temperature,  such as 175O, 

2. Be0 Mc :a1 Brazing: 

The expansion c o e f f i c i e n t  of b e r y l l i a  i s  the same a s  alumina; t he re fo re ,  

the  same metals can be bonded t o  e i t h e r  by us ing  the  same technique. 

Kovar and high n i cke l - i ron  a l l o y s  a r e  commonly used t o  bond ceramics.  

The brazing ma te r i a l  which has proven t o  be success fu l  i s  a s i l ve r - coppe r  

e u t e c t i c  a l loy  which melts a t  720°C. 

t h i s  alloy i s  performed a t  8OOOC i n  a hydrogen environment. 

e y e l e t  of the  base assembly was brazed t o  the  per iphery of t he  b e r y l l i a  

d i s c  and s i x  copper core  leads  were brazed i n t o  s i x  i n d i v i d u a l l y  d r i l l e d  

and metalized holes .  

brazed ex te rna l ly  around each of t he  s i x  pro t ruding  lead  wires .  

d i f f i c u l t  problem which occurred dur ing  t h e  development of t he  base assem- 

bly was t h e  copper s t u d  t o  ceramic connect ion.  The problem was twofold. 

Brazing of metal  t o  ceramic wi th  

The metal 

To i n s u r e  hermet ic i ty ,  a small  kovar washer was 

The most 
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One was the  d i f f e r e n c e  between the expansion c o e f f i c i e n t s  of b e r y l l i a  and 

copper (1:2 1 / 2 )  and the  o ther  was the peel ing of t he  metal ized a rea  caused 

by poor bonding between the me ta l i za t ion  and the  b e r y l l i a .  Modif icat ion 

of the  Mo-Mn r a t i o  and adjustment of the  s i n t e r i n g  temperature cor rec ted  

the  bonding s t r eng th  of t h e  me ta l i za t ion  t o  ceramic; and an inc rease  i n  

the th ickness  of t h e  b e r y l l i a  improved the s t r e n g t h  of t he  brazed j o i n t  

between t h e  copper s tud  and ceramic. Although t h i s  type of brazed j o i n t  

i nc reases  the thermal r e s i s t a n c e  by 25%, no se r ious  consequence i s  observed 

i n  the f i n a l  a p p l i c a t i o n  of the  u n i t .  

3. Molecular Sieve: 

The i n t e r n a l  volume of the u n i t  permitted l i t t l e  room f o r  a s tandard 

pressed molecular s ieve .  With t h i s  i n  mind, two approaches were made t o  

inco rpora t e  a molecular s i eve  wi th in  the  package t o  absorb any undesired 

moisture  which may work i t s  way i n t o  the  encapsulated u n i t .  

One was t o  use a molecular s i eve  i n  powder form and the o the r  was t o  use a 

s tandard f l e x i b l e  disc-shaped f i b e r g l a s s  form impregnated wi th  z e o l i t e  -- 
t he  f i b e r g l a s s  proved t o  be the  most p r a c t i c a l .  

tended t o  blow @ t o  the f lange  of t h e  eye le t  during the  welding operat ion,  

thus  c r e a t i n g  a s i t u a t i o n  where complete hermet ic i ty  of t he  u n i t  would be 

doubt fu l .  

balance being occupied by z e o l i t e .  

baked i n  a vacuum oven a t  3OOOC f o r  a day t o  make i t  moisture  f r e e .  

bakeout, the  s i eve  was placed between the device snd m e t a l  dome (hnth of 

which were a l s o  baked out) and t h e  u n i t  was r e s i s t a n c e  welded i n  dry a i r  

where the  dew po in t  was held a t  2ppm. 

The powder was f i n e  and 

The f i b e r g l a s s  occupied about 35% of the  d i s c  volume, t he  

P r io r  t o  encapsula t ion  t h e  s i e v e  was 

Af ter  

4 .  Metal Dome: 

The metal  dome was designed and machined a s  shown i n  F igure  28. 

important  f e a t u r e s  were incorporated i n t o  the design.  One i s  the weld 

p r o j e c t i o n  and the  o the r  i s  the  sp l a sh  guard r ing .  The s t e e l  dome i s  

r e s i s t a n c e  welded t o  the kovar f l ange  of the  e y e l e t  wi th  the use of the 

e l e c t r o d e s  shown i n  Figure 29. The weld p ro jec t ion  and a small  por t ion  

of t h e  f l ange  a r e  the  only a reas  heated t o  the  melt ing temperatures of 

Tbo 
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the  metals.  

completely hermetic bond between them. 

i s  t o  prevent any of the molten metal from sp lash ing  onto the device.  

The welding e l ec t rodes  were designed t o  e n t e r  the metal  dome on the  f l ange  

p r i o r  t o  t he  r e s i s t a n c e  welding cycle .  

t e s t e d  and n icke l  p la ted .  This f i n a l  design i s  shown, a long wi th  i t s  

major cmponents,  i n  Figure 4 .  

Upon cool ing  t h e  metals  a l loy  wi th  one another ,  forming a 

The purpose of t he  sp lash  guard 

Af te r  welding, t he  u n i t  i s  l e a k  

D. Environmental T e s t i n g  

A sample of encapsulated u n i t s  was subjec ted  t o  s tandard v i b r a t i o n ,  shock, 

cen t r i fuga l ,  temperature cyc l ing  and moisture r e s i s t a n c e  t e s t s .  Each u n i t  

w a s  t e s t ed  under a l l  of the  above condi t ions.  Af te r  each t e s t  e l e c t r i c a l  

d a t a  and l eak  r a t i o s  were obtained. Resul t s  showed t h a t  the  u n i t s  could 

surv ive  these environmental t e s t s  both e l e c t r i c a l l y  and mechanically.  

Leak r a t e  t es t s  showed t h a t  the  r e s i s t a n c e  welding of t he  metal dome t o  

the  eye le t  was not i n f e r i o r ;  and the brazed j o i n t  between the  copper s tud  

and b e r y l l i a  withstood a l l  tests. F a i l u r e  of s eve ra l  e x t e r n a l  f l e x i b l e  

leads  showed t h a t  these  leads  should be designed as s h o r t  as poss ib l e .  

Excessive handling and bonding of t he  l eads  a l s o  may have con t r ibu ted  t o  

t h e i r  f a i l u r e .  E l e c t r i c a l  d a t a  a l s o  showed the  ruggedness of t he  base 

assembly i n  i t s  a b i l i t y  t o  p r o t e c t  the  i n t e r n a l  connections of both devices  

i n  each encapsulated un i t .  

Since the f u l f i l l m e n t  of t h i s  con t r ac t  cons is ted  of a r e l a t i v e l y  small 

number of u n i t s ,  no ex tens ive  s t a t i s t i c a l  d a t a  could be obtained from 

these  environmental t e s t s .  Although these  t e s t s  represented  t y p i c a l  e n v i r -  

onmental condi t ions conducted on s tandard products by the  Qual i ty  Assurance 

Group, add i t iona l  samples would have t o  be t e s t e d  i n  order  t o  e s t a b l i s h  

meaningful f a i l u r e  r a t e s  a t  a high confidence l e v e l  f o r  product ion u n i t s .  
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Emitter 
Geometry 

Resistor 
Geometry 

Figure 16 Emitter and Resistor Yask (Mesa Mask) 
S c a l e  l 9 : l  
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Moly Mounting f o r  Integrated Pcwer Amplifier 

MATER IAL .' MOLYBDENUM 

(3 P L A C E S )  

,' 
/' 

?.OO\ / 

1 I 1 L 
1 I I I I 

I. .-- -1 

I l l  TH IC KN ESS 

I I+-+- 

I l l  

I 
NOTE: I - .0003 M A X .  ALLOWABLE DEVIATION FROM FLATNESS 

FIGURE 17 : Molybdenum Platf o m  
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Basic Tkviced ..lounted 
on a Nolybdenum Pla t fo rm 

(coated) 
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Flat  Mounting Base f o r  Integrated Power Amplifier 

MATERIAL : T E  -C lJ  

) \ 2.0f5 
7.050 X 45. CHAMFER 

NOTE: 
7 - T A P F E D  HULLS T O  BE PERPENDICULAR T O  TOP SURFACE 

2-PEDESTAL 4 SEATING PLANE MUST BE. PARALLEL UfTHIN.0006 
3-PLDESTAL MUST RE FLAT WITHIN ,6003 
4-SURFACE FlN lSH Of PEQLCTAL MUST NOT E X C E E D  

OF PEDESTAL WITHIN he. 

ALL orwm ~ c r r r ~ r o  SURFACES MQT TO EXCEED @’ 

FIGURe 19: F la t  Base (tel lurium copper) Design 
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Weld Ring for  Integrated Power Amplifier 

M A T E R I A L :  S A E  I O 0 8  -1010 C.R.  S T E E L  - i?!D.S8 1669-1 

t--- 1.141 DIA.  

.os0 **Oo3 

+.002 

CREST OF PROJECTION 
BE FLAT WITHIN .OOZ 

\ 

MUST 

NOTE: 
I -  R E M O V E  ALL BURRS 
2- E C C E N T R I C I T Y  OF OTHER DIAMETERS T O  I . D .  

MUST N O T  €XCEED .006 T.I.R. 

FIGURE 20: Steel Weld Ring 
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Ceramic Insulator for  the Integrated Power Amplifier 

MATERIAL,: BERYLLIA CERAMIC 

NOTE; I -.0003 M A X ,  ALLOWABLE DEVlATION FROM 
F L A T N E S S .  

FIGURE 21: Bery l l ia  Disc 
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G-M Seal for  the Integrated Pawer Amplifier 
I 
1 MATLRIAL: 

6 TUBLUAR 
BODY OF SEAL - SASE lJ13 C.R.  5TEEL 

T E R M l N A L S -  -152 ALLOY SEAMLESS T U B I N G  

.I8 
6 

6 TUBULAR TERMINALS 
,060 0 . D  X 034 I.D. X 
. 5 0 0 f * O ' 0  LONG 

,015 x 45' CHAM. 

.007 R, MAX. 

,007 R. MAX. 

.Or5 X 45' CHAM. 

SECTION 'AL-A" 

FIGURE 22: Glass-Metal Seal 
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/-BERYLL 

\ “  - _  - /// 
SILTTION “A”*A 

.Y 

I A  DISC 

MOUNTIN65 (2) 

T W O  
TRAN 

- STL. 
INSU 

S I L I C O N  
S I STORS 

S C R E W S  
LATORS 

GLASS TO METAL SEAL b 
?< COPPER BASE 

FIGURE 23: Integrated Power Amplifier - Encapsulation 
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GLASS TO METAL 
SEAL 

. .  

. .  

SECT ION *K %'' 

FIGURE 24: Integrated Power Amplifier - Encapsulation (cent.) 
t 
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TABLE I V  

SEAL NOTES (FOR INTEGRATED POWER AMPLIFIER) 

GENERAL NOTES: 

1. S e a l  must meet T. S. 710367. 

2. Remove a l l  bu r r s .  

3. Flange su r faces  must be ind iv idua l ly  f l a t  w i t h i n  .002 and 
mutually p a r a l l e l  w i t h i n  .002. 

4 .  Diameters must be concent r ic  w i t h i n  .005 T. I. R o  

5. Glass t o  be  co lored  as fol lows:  

Red or  brown f o r  both c o l l e c t o r  t e rmina l s  (C1 and C2) 

Blue f o r  both base  te rmina ls  (B1 and B2) 

Black f o r  both emitter t e rmina l s  (E1 and E2) 

"1 
b. 

c o  

TERMINAL NOTES :- 
0 1. A l l  t e rmina l s  must be perpendicular  t o  f l ange  wi th in  2 . 

2. Lower t e rmina l  ends and g l a s s  t o  be f l u s h  wi th  t o p  of i n t e r n a l  
cav i ty  of seal  body wi th in  .005. 

3 .  Creepage path ac ross  g l a s s  between t e rmina l  tubes  and body of 
s e a l  must not  be  less than .055. 

4UALITY NOTES: 

1. Maximum al lowable leak  rate through s e a l  j o i n t s ,  cc / sec  wi th  
d i f f e r e n t i a l  p re s su re  of 14.5 P.S.I. 

FINISH NOTES : 

1. 9 > o r  b e t t e r  ou t s ide  su r face  w o n  i n s i d e  su r face .  

2 Apply copper f l a s h  22AA05 (.0005 t h i c k )  
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I - B O T H  SIDES OF V E R T I C A L  MEMBER M U S T  M U S T  B E  
PARALLEL T O  EACH OTHER W l T W l N  ,001 AND FLAT 
W I T H I N  .0003. 

2-SURFACE FINISH OF V L R T K A L  MEMBER M U S T  NOT 
EXCEED ALL OTHER MACHINED SURFACElS M U S T  

- .  

NOT E X C E E ~  W. 

FI- 25: Vertical Base Derign 
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FIGURE 28: Metal Cap 
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